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57] ABSTRACT

The blades (10) of a turbine or a compressor are here fixed
to the disk (1) by three roots (7, 8 and 9) inserted in the same
number of circular grooves (4, 5 and 6). This assembly
makes 1t possible to provide a good distribution of stresses
during functioning.

4 Claims, 4 Drawing Sheets
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BLADED DISK WITH THREE-ROOT
BLADES

DESCRIPTION

This 1nvention concerns a bladed disk with three-root
blades.

The turbines and compressors of machines such as gas
turbines all comprise bladed disks. Leaving aside the rare
cases of disks and theirr accompanying blades made 1n a
single piece, there 1s a wide variety of practical embodi-
ments for the connecting of blades and disk. These embodi-
ments may, however, be divided into two fairly distinct
families: the family of broached disks and that of circular
ogroove disks.

In the former family, a broaching machine forms grooves
of axial, oblique, rectilinear or circular arc direction through
the width of the outer ring of the disk; the blades are mserted
around the disk by sliding their roots along the broachings,
and the nodular-section roots lock mto the broaching so as
to prevent the blades from being extracted. FIG. 6 illustrates
an example m which the roots of blades 20 are curved and
plugeed 1nto broachings 22 of complementary shape situated
on the periphery of an outer ring 23 of the disk, joined to a
narrower central part 24 of the disk. In the latter family, a
single groove stretches over the circumference of the outer
ring of the disk and all the roots of the blades are inserted in
it.

The disadvantage of embodiments belonging to the first
family 1s that the very heavy stresses to which the blades 20
are subjected during functioning are not spread evenly over
the disk: they are exerted on the entire width of the outer
ring, and only a small part 1s transmitted to the narrower
central part 24, with the rest of the stress being concentrated
on the projecting edges of the ring. This results 1n major
stress 1rregularities 1n the disk and in particular in the outer
ring, whose edges are heavily loaded, especially at the zones
25 located on the sides of the outer ring 23, between the
broachings 22 and near the periphery of the ring. By way of
contrast, the second family of embodiments provides a fairly
uniform distribution of stress 1n the disk, the groove being,
situated 1n the plane of the central part, but 1ts disadvantage
1s that the blade roots occupy less extended groove portions
than a broaching extending in the width of the ring, and must
therefore be less voluminous. This family of embodiments 1s
more particularly designed for small blades which are not
subjected to such heavy stress.

The 1nvention constitutes, for the second family, an
improvement for assembling blades to a disk. It retains this
family’s inherent advantage of good stress uniformity while
fransmitting appreciably higher levels of stress than 1is
possible with known embodiments.

In conformity with the invention, three circular grooves
arc made 1n the bladed disk, the said grooves being pen-
ctrated respectively, for each blade, by three blade roots
situated at different angles of the disk, These roots are,
moreover, directed along the rotation axis of the disk. In
addition, the grooves have different sections and the blade
roots, too, have different sections. The grooves may advan-
tageously be placed at different distances from the rotation
axis of the disk, with the same aim of transmitting high
levels of stress according to the shape (cylindrical or
conical) of the disk.

According to another aspect of the invention, shock-
absorbers may be placed between the blade roots and the
bottoms of the grooves so as to reduce vibrations.

It should be noted that document FR-2375440-A
describes three-root blades but these are assembled in helical
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ogrooves and thus concern the first family of embodiments.
On the other hand, the device described in document U.S.
Pat. No. 2,639,119 A belongs to the same family of embodi-
ments as that of the invention; 1t describes multi-groove
blades (at least four in the illustrated embodiments) in which
the respective roots of the disk are mserted and retained by
a forging. But the grooves and roots all have the same
section and their number varies according to the width of the
blades and the disk. It 1s not possible, with such an
arrangement, to adjust the stresses and constraints over the
surface of liaison between the blade and the disk, while the
number of roots signifies that they all have a small section.
This double disadvantage makes i1t impossible to transmit
the same stresses as with the mvention between the blades

and the disk. The same comments apply to document U.S.
Pat. No. 1,638,639 A.

Finally, mention must be made of document FR 2 078 097
A which describes an arc-shaped spring, analogous to the
shock-absorber of the invention but not positioned in the
same place and whose sole purpose 1s to retain the series of
blades 1n the groove against the angular slips and to prevent
them from reaching the widening of the groove through
which they are inserted at the assembly stage.

A clearer picture of the invention will now emerge from
a reading of the comments accompanying the following
figures:

FIG. 1 1s a diametrical section view of an embodiment of
the mvention;

FIG. 2 1s another view of this embodiment, the disk being,
seen from the outside in radial direction;

FIG. 3 15 a triple cross-section view of the blade roots and
the disk, taken along line III—III of FIG. 2;

FIG. 4 1llustrates a mode of inserting the blades;
FIG. 5 represents an element of the assembly; and
FIG. 6 1s a view of the prior art.

The disk conforming to the invention 1s marked 1 on the
figures 1n which may be distinguished a thin and flat central
part 2. An outer ring 3 1s connected to the edge of the central
part 2, in which said ring a central groove 4 and two lateral
orooves 5 and 6 flanking the central groove 4 have been
made, all three grooves being circular and opening towards
the exterior of the ring 3.

The three grooves 4, 5§ and 6 are narrow at their opening
portion so as to retain respectively three nodular roots 7, 8
and 9 of blades 10. When the disk 1 turns, driving the ring
of blades 10, the said rings are subjected, under the influence
of centrifugal, acrodynamic and vibrating forces, to princi-
pally radial stresses transmitted to the disk 1 by three
components F7, F8 and F9 passing respectively by the roots
of the 30 same reference number. In this way the stresses in
disk 1 are spread more evenly than would be the case 1f only
the central groove 4 and its root 7 were available, as with
previous conceptions. The forces F7, F8 and F9 are trans-
mitted to the ring 3, and hence to the rest of the disk 1, by
means of three pairs of contact surfaces S between the lateral
sides of the grooves 4 to 6 and the roots 7 to 9; by optimizing
the positions and surface areas of these surfaces, only minor
constraint concentrations are obtained in the disk 1, particu-
larly 1n the ring 3. It may be secen that the sections of the
rings 4, 5 and 6, and those of the roots 7, 8 and 9, are 1n fact
different. Moreover, they are placed at different distances
from the rotation axis of the disk whose periphery may be
cylindrical or conical according to the usual dimensioning
requirements of the machines. The presence of only three
roots 7, 8 and 9 (one central and two lateral roots) makes it
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possible to predict exactly the stresses F7, F8 and F9 passing,
through each one of them, which would not necessarily be
the case 1f there were a greater number of roots, 1n which
latter case, moreover, the grooves would have to be tight-
ened and made narrower, the result being to reduce the
sections and thus the resistance of the roots. However, since
such work 1s empirical and can only be carried out by
laboratory tests or calculation simulations, and since more-
over the result will largely depend on the actual shapes of the
blades 10 (in particular their camber) and the disk 1, no
general rules can be given.

FIG. 2 shows that the camber of the blades 10 forces the

roots 7, 8 and 9 to be placed at different angles of the
circumference of the disk 1. However, as FIG. 3 makes clear,
the roots 7, 8 and 9 are not parallel but directed along the
rotation axis X of the disk 1, thereby favoring the uniform
spread of the constraints.

FIG. 4 illustrates a mode of assembling the blades 10:
slots 11 of radial direction are made on the outer ring 3 in
such a way as to enlarge the grooves 4, 5 and 6 locally in
order to make them wider than the roots 7, 8 and 9 and 1n
order to 1nsert them. The msertion movement of the blades
may be purely radial or, as represented here, may be
achieved by rotating the blade 10 around a pivot point 12
defined by the contact of a side of the blade 10 and the ring
3. In both cases, the blades 10 are locked by sliding the roots
7,8 and 9 into their groove 4, 5 and 6 after insertion so that
they leave the sector of the slots 11.

FIG. 5§ represents a plastic, arc-shaped shock-absorbing
element 13, whose extremities 14 rest on the bottom 15 of
any one of the grooves 4, 5 and 6 and whose median part 16
1s inserted under the root of a blade 10, and maintained under
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this root despite the risk of the element 13 moving along the
ogroove, thanks to two raised edges 17 which grip the root of
the blade. The vibrations of radial direction to which the
blade 10 1s subjected cause the element 13 to be squeezed
and relaxed, thus allowing it to dissipate energy. A lobe 18
1s advantageously provided under the median part 16 so as
to stop against the bottom 15 of the groove when the
squeezing of the element 13 has reached a limit which 1s not
to be exceeded.

We claim:

1. Bladed disk (1) fitted with an outer ring of blades (10),
characterized in that it is cut by three circular grooves (4, 5
and 6) which are respectively penetrated, for each of the
blades (10), by three blade roots (7, 8 and 9) situated at
different angles of the disk and directed along a rotation axis
(X) of the disk, and in that the grooves (4, 5, 6) have different
sections and in that the blade roots (7, 8, 9) also have
different sections.

2. Bladed disk according to claim 1, characterized in that
the grooves are situated at different distances from the
rotation axis of the disk.

3. Bladed disk according to claim 1, characterized in that
shock-absorbers (13) are placed between the blade roots (10)
and the groove bottoms (15).

4. Bladed disk according to claim 3, characterized 1n that
the shock-absorbers consist of arched and elastic blades
having extremities resting on the groove bottoms, a median
part (16) resting on the blade roots, and a lobe (18) serving
as clearance stop attached under the median part (16) and
directed towards the groove bottoms.
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